Abstract: A phytohormone may be defined as an organic substance other than a nutrient active in very minute amounts which is formed in certain parts of all plants and which is usually translocated to other sites, where it evokes specific biochemical, physiological and morphological responses. The gaseous plant hormone ethylene modulates many internal processes and growth responses to environmental stimuli. Ethylene is known to exert its effects by altering gene expression both at transcriptional and post-transcriptional level. Ethylene has long been recognized as a growth inhibitor, but evidence is accumulating that ethylene can also promote growth. Therefore, the concept of ethylene as a general growth inhibitor needs reconsideration. Different authors screened various concentrations viz. 100 ppm, 150 ppm which promotes the plant growth in groundnut, soybean, mustard, barley, pigeonpea etc. The lower concentration of ethylene (100ppm) has increased the yield by 17 percent in pigeonpea. It increased the yield by manipulating source-sink relationships and flower retention The present study highlights the various processes of growth stimulated by ethylene and its use in enhancing yield of various crop species. It could be inferred that lower concentration of ethrel sprayed at pre-flowering stage promoted the growth and yield of various crops (barley, corn, groundnut, pigeonpea, soybean etc.).
INTRODUCTION
Ethylene belongs to the hydrocarbon group of olefins, which exist in the gaseous state under normal physiological conditions. Its effects on various physiological processes at different stages of plant growth and development have been documented (Khan et al., 2000a) . Ethephon is a synthetic plant growth regulator that undergoes chemical biodegradation at pH greater than 4.1 in cell cytoplasm to release ethylene. The use of ethephon as a growth retardant has been shown for controlling lodging of cereal and grain crops. Ethephon has also been found to impart tolerance against water stress and increasing the productivity of mustard (Brassica juncea L.) (Khan et al., 2000b) . Ethylene is generally considered growth inhibitory with the triple response of dark grown seedlings, first discovered in Pisum sativum, as the classical example. In Arabidopsis, this response consisted of a thickened hypocotyle, inhibition of hypocotyle and root elongation and exaggerated apical hook formation. However, there is increasing number of reports showing ethylene -induced stimulation of growth. Germination, flowering, vegetative development, maturation senescence and response to pathogen are some of the processes for which regulation involves ethylene (Matilla, 2000) . Plant height is an important morphological character. Basically, plant height is a genetically controlled , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org character, but several studies have indicated that plant height is either increased or decreased by the application of synthetic plant growth regulators. Depending upon the plant material and state of development, promotory or inhibitory effects of ethylene on growth have been observed in soybean (Campos et al., 2010) and pigeonpea ( Pahwa et al., 2012) . Reduction in plant height through foliar application of ethrel has been reported in winter wheat (Van Sanford et al., 1989) , radish (Vreugdenhil and Harrow, 1989) , lupin (Ortuno et al., 1993) , arabidopsis (Smalle et al., 1997) , barley (Sanvicente et al., 1999) , jatropha (Joshi et al., 2011) , pigeonpea (Pahwa, 2013) . The reduced plant height due to ethrel application might be due to its inhibitory action on auxin transport. Ethylene is an inhibitor of cell division, cell expansion and transport of auxin, which presents expressive effects on the reduction of stem growth in length; however it provides its radial expansion and horizontal orientation (Coll et al., 2001) . Joshi et al., (2011) opined that ethylene inhibited stem elongation in whole green plants of jatropha was either by inhibiting basipetal IAA translocation or by affecting IAA metabolism or some other auxin independent action. Number of branches: Number of branches are indicators of pod bearing capacity of a plant. Pod load establishment is dependent on number of primary branches. Improvement in this characteristic is an indicative of pod load establishment. The branches per plant increased due to application of PGRs. This could be the result of increased metabolic and divisional activities in shoot apical meristem. Several physical, genetic and chemical factors are known to exert their influence on meristematic activity in shoot apical meristem. A specific balance of gibberellins, auxins and cytokinins is known to exert their influence on meristematic activity in shoot apical meristem (Taiz and Zeiger, 2006) . Maximum increase in number of branches by ethrel treatment might be due to inhibition of apical bud dominance and breaking of lateral bud dormancy (Campos et al., 2010 ). An increase in ethylene level was observed after removing apical bud in soybean plants, which provided higher cytokinin content to the development of lateral buds and hence increase in number of branches (Tancredi, 2004) . Leaf area: Leaf area is determined by phenology, stem morphology, rates of leaf emergence and potential leaf size. Saxena et al., (2007) also found a significant increase in leaf area at all stages with the application of lower concentration of ethrel. Ethrel when sprayed at pre-flowering stages has a positive effect on cell division leading to enhanced leaf expansion. Leaf area increased with increase in time to a maximum coinciding with maximum top growth and steady decline at later stages (Jirali, 2001 ). An increase in number of leaves and leaf area per plant of mustard plants following ethephone application was observed by Lone 2001 , Mir 2002 and Mir et al., 2009 . However, Bhat et al., (2010 reported that lower concentration of ethrel at specific stage promoted expansion of primary leaves, while higher concentration showed a reduction in the area of mustard leaves. Application of ethrel (100 ppm) at pre-flowering stage increased the leaf area in pigeonpea (Pahwa, 2013) . Leaf area index (LAI): Photosynthesis depends upon leaf area index besides the canopy structure and photosynthetic rate. Shekoofa and Emam (2008) reported an increased leaf area index by ethrel treatment in wheat. Mir et al (2008) observed that foliar application of ethephon with 80 kg N/ha increased LAI, net photosynthesis rate, chlorophyll content and stomatal conductance in brassica. (Devi, 2011 ) also reported an increase in leaf area index following ethrel application in soybean. Dry weight: Increase in yield due to growth retardants could be attributed to an increase in partitioning of assimilates towards developing sink. Significant increased dry matter accumulation following ethephon treatment was observed in wheat (Shekoofa and Emam, 2008) , mustard (Mir et al., 2008) and pigeonpea (Pahwa et al., 2012) . Crop growth rate (CGR): CGR is a useful growth parameter for estimating the production efficiency of crop stand and it enables to make comparisons between the aspects of study. Increased CGR and NAR indicate the optimum physiological growth of a crop that produces maximum yield. Crop productivity is mainly determined by crop growth rate (CGR) which depends on leaf area index (LAI) and the rate of photosynthesis. The increase in CGR at a particular stage depicts the plant responses to the PGRs at that particular stage and the maximum efficiency of the crop growth can be attained. Increased CGR by growth retardants and promoters sprayed at particular stage was observed by Prabhu (2000) . Rahman et al., (2004) concored that increase in CGR due to the application of growth regulators was certainly the result of increase in dry matter production with time course. Karim and Fattah (2007) reported that peak values of CGR were found during pod development stage and foliar application of growth regulators was most effective in increasing CGR as compared to control. Ethrel and Photosynthetic efficiency Chlorophyll content: Pigments such as chlorophylls are needed by plants to absorb sufficient amount of light through photosynthesis. During leaf development, the level of pigments in the leaves increases to provide energy through photosynthesis. Chlorophyll is an important bio-constituent for productivity of the crop plants. Chlorophyll catabolism is the first step of degeneration during senescence but most if not all of enzyme machinery is present in the cell at a basal level before senescence begins. In soybean ethephon delayed the phenological cycle of the crop and maintained high chlorophyll content in the end of the crop cycle, (Campos et al., 2010) . The non-degradation of chlorophyll on the tissue maintained them photosynthetically active, thus, providing larger quantity of organic matter to grain filling, leading to the formation of heavier grains, and consequently, increased grain productivity. Similar results in soybean were reported by (Devi, 2011) . Significant increase in the chlorophyll content of Brassica napus leaves following ethrel application (500ppm) was reported by Grewal et al., (1993) . The exogenous application of ethrel in pigeonpea enhanced chlorophyll synthesis considerably (Pahwa, 2013) . Chlorophyll kinetics: Chlorophyll fluorescence is widely accepted as an indication of the energetic behavior of a photosynthetic system. Photosynthetic activity was studied in terms of quantum yield (Fv/Fm) and total chlorophyll. The Fv/Fm ratio can be considered as a measure of the quantum efficiency of the electron transport in PSII. By measuring the yield of chlorophyll fluorescence, information about changes in the efficiency of photochemistry and heat dissipation can be obtained. Increased chlorophyll fluorescence was observed in leaves of ethrel treated pigeonpea genotypes (Pahwa 2013) . Photosynthesis: The production of biomass and final yield of pulse crops can largely be accounted for by photosynthesis during growth and maturation. It is generally considered that for high yield, high photo-synthetic potentials are necessary. Net photosynthesis increased from vegetative to flowering stage and then declined towards maturity. Mir et al (2010) reported that the induction of ethylene biosynthesis might be associated with the application of ethrel, which is a known source of ethylene. This effect of ethrel led to the emergence and formation of leaves with enhanced total leaf area of plant. Higher leaf area resulted in more solar radiation being retained and enhanced net photosynthetic rate (Pn) and total dry matter production. The increase in photosynthesis with ethrel has also been reported both by Pua and Chi (1993) and Khan et al (2000b) in mustard. Exogenous application of ethrel enhanced photosynthesis of Brassica juncea under irrigated and non-irrigated conditions (Khan 2004 ). The dry matter produced was efficiently translocated towards the developing pods resulting in increase in the seed yield. Stomatal conductance: Kumar et al (2005) reported that increase in rate of photosynthesis in cotton wasdue to increased stomatal aperture, which facilitate more CO 2 conductance. Enhanced stomatal conductance at a range of ethylene concentrations stimulated photosynthesis (Pierik et al 2006) . Increased stomatal conductance due to foliar application of ethrel has also been observed in pigeonpea (Pahwa, 2013) . Photosynthetically active radiations: Photsynthetically active radiation (PAR) is a measure of radiation available for photosynthesis. It is well known that plants vary in response to radiations of different wavelengths within the canopy. Mean sunlight irradiance or the proportion of sunlight on leaf surface diminishes as an exponential function of leaf area index. Changes in radiation quantity also occur largely due to the spectral properties of leaf pigments, leading to a reduction in the red/far red ratio as light penetrates the canopy (Guiamet et al., 1989) . In this respect there are several evidences that potentiate the climate of canopy change under the influence of growth regulators, which bring about a desirable modification in PAR (Mathias et al., 1989) . Grewal and Kolar (1990) in their experiment on Brassica juncea reported that application of ethrel (500, 1000 and 1500ppm) had negative impact on PAR interception, while ethrel application increased the PAR in mustard under non-irrigated conditions (Lone, 2001) . Nutrient uptake: Plant growth regulators are known to influence ion transports and have special effects on membrane properties and functions. Growth regulators have affiliated with reinforcement of assimilate translocation in established sink-source systems (Thomas, 1986; Patrick and Steains, 1987) . Desirable increase in the produce of field crops was due to alteration in the trends of assimilate distribution (Addo-Quaye et al., 1986) . The allocation of newly fixed carbon in to different metabolic products influenced the partitioning of carbon growth activity of the whole plant (Champigny, 1985) . Foliar application of ethrel at the rate of 200 ppm at flower initiation stage increased the uptake of N, P and K in soybean plants (Sing et al., 1987) . Ethephon had a strong effect on cultivar N use efficiency and in particular on the role of N uptake efficiency in winter wheat (Van Sanford et al., 1989) . Use of ethephon resulted in an increased uptake of nutrients in barley (Bulman and Smith, 1993) and Indian mustard (Khan et al., 2000) . Under non irrigated conditions ethrel sprayed mustard plants utilized N from the soil more effectively and showed increased nitrogen harvest index and nitrogen yield merit (Mir, 2002 and Mir et al., 2009c) . Yield and yield attributing parameters Pod number/pod set percentage: Solaimalai et al., (2001) observed a significant increase in number of panicles per plant in rice in response to plant growth regulators. They suggested that this increase could have resulted due to enhanced supply of assimilates towards developing reproductive structures. In chickpea, increased pod set percentage due to higher number of pods in treated plants has been observed by Lone (2001) . Beneficial effects of ethrel on pod number of mustard has also been reported by (Khan et al., 2000 , Mir, 2002 and Mir et al., 2009b . Ethrel improved the pod set percentage in pulses by retaining maximum number of flowers/plant (Saxena et al., 2007) . Similar effect of ethylene was observed in pigeonpea by Pahwa (2013) . Seed weight: Foliar application of ethrel at 200 ppm concentration increased 1000 grain weight in soybean (Singh et al., 1987 , Saxena et al., 2007 . Application at flowering stage of Indian mustard also increased seed weight (Singh and Kumar, 1991) . Ethephon application also increased 1000-seed weight in onion (Allium cepa L.) compared to control (Singh et al., 1995) . However, Grewal et al., (1993) observed that ethrel treatment resulted in detrimental effect on 1000-seed weight in Brassica napus, while Ramos et al (1989) in barley, Khan et al., (2000) ; Mir et al., (2008) and Mir et al., (2009 b,c) in mustard, Coffelt and Howell (1986) in pea nut failed to observe any increase in 1000 seed weight in response to the foliar application of ethephon. Pahwa (2013) also reported an increase in seed wight due to foliar application of ethrel at preflowering stage in pigeonpea. Seed yield: Increase in the seed yield of mustard in response to ethrel has been reported by Grewal et al., (1993); Khan (1996; 1998) and Singh and Kumar (1991) . Joshi et al., (1987) also reported increase in seed yield in ground nut (Arachis hypogea L.) when treated with ethrel. Foliar application of ethrel on cauliflower increased the seed yield per plant at 300 ppm while it was adversely affected at higher concentration (Jana and Kabir, 1991) . Ethephon treatment significantly increased grain yield in corn (Kasele et al., 1995) and barley (Bulman and Smith, 1993) . Saxena et al., (2007) reported that increased seed yield with PGRs has been obtained due to earlier retention of more number of flowers and shift in balance of dry matter towards pods thereby favouring the increased pod setting in chickpea. Significantly maximum tuber yield was reported in ethrel treated plants as compared to control (Birbal et al., 2009) . The growth regulators have been found to engage in assimilate translocation towards reproductive parts of plants. Lower concentration of ethrel improved yield of Brassica and Pisum sativum (Perry, 2014) . Bhat et al., (2010) also reviewed that foliar application of ethrel in various crops improved yield contributing traits viz. number of pods/plant, seed number, 100-seed weight by manipulating source-sink relationship. Devi,(2011) reported that foliar application of ethrel exerted a significant effect on growth of soybean plants when applied at specific time. It increased the yield of soybean by increasing number of retained flowers, pods/plant and 100-seed weight by manipulating source-sink relationship. Quality parameters: Plant growth regulators have been found to influence significantly the protein content in crop plants (Yang et al., 1994; Kulkarni et al., 1995) . They have also been implicated in the control of protein allocation among plant organs and accumulation in developing cereal grains (Oritant and Yoshida, 1971) . Soluble proteins increased with the application of ethrel during initial stages of pod development but declined later in ground nut (Arachis hypogea) (Sharma et al., 1982) . Grain protein concentration increased (Morris et al., 1989; Van sanford et al., 1989) or remain unaffected (Pearson et al., 1989) by ethephon treatment. Ethrel treatment has been found to increase protein content and efficient incorporation of amino acids into proteins in wheat (Sekhon and Singh, 1994) . Ethephon application increased protein content in seeds of pigeonpea genotypes. SDS-PAGE of treated as well as controlled pigeonpea plants showed more dense bands and number of bands were also maximum in treated plants. This indicated that ethrel Sprayed at specific stage promote biochemical changes in pigeonpea (Pahwa, 2013) . Ethrel and anatomical studies: Kaur (1990) observed increase in the diameter of the pedicel of flower with ethrel treatments. The area of the main translocatory tissue i.e. phloem increased significantly in ethrel treated plants. Similar effect of plant growth regulators on translocatory tissue was observed in pigeonpea by Pahwa (2013) .
Conclusion
From the above information it can be inferred that ethylene has not only inhibitory role but it can stimulate the growth of all plants. Its stimulatory action is dose as well as stage dependent. So, the future research can be highlighted upon revealing the internal ethylene levels at various growth stages and manipulating the same via external source so that yield plateau can be achieved in various low yielding crops.
